We study transport properties of an inertial Brownian particle moving in viscous symmetric periodic structures and driven by an oscillating signal of two harmonic components. We analyze the influence of symmetric, antisymmetric and asymmetric signals on directed transport and reveal the shift symmetry of the stationary averaged velocity of the Brownian particle with respect to the relative phase of two components of the signal. The shift symmetry holds true in all regimes.
Introduction
device [5, 6, 7] . It is possible because the underlying dy- 
The dimensionless Langevin dynamics consequently 
84
• the re-scaled potential
assumes the period 1 and the barrier height 2,
86
• the scaled external time-periodic force
88
where the signal has the re-scaled amplitudes a =
89
AL/∆V and ε = /∆V and the dimensionless an-90 gular frequencies ω = Ωτ 0 ,
91
• the re-scaled, zero-mean Gaussian white noise 92 forcesξ(t) obey ξ (t)ξ(ŝ) = δ(t−ŝ) with a re-scaled 93 noise intensity D 0 = kT/∆V. over one period of the external driving force T = 2π/ω.
151
We choose all initial positions and velocities to be uni- 
164
(ii) The second case is when there is such t 1 that g(t 1 + 165 t) = −g(t 1 − t). This is the case of the antisymmetric 166 driving, see dashed and dotted-dashed lines in Fig. 1 .
167
As a consequence, in the symmetric case (i), the sta- the transport is generated by deterministic dynamics.
178
We consider the case of the symmetric driving with Influence of the second harmonic of the external force g(t) on transport properties of the system (4). Dependence of the drift velocity on both the relative amplitude ε (horizontal axis) and the relative phase φ (vertical axis) is depicted for various damping constants γ = 0.01, 0.1, 0.9, 2.0 and for the overdamped limit (top to bottom). Other parameters are: a = 4.2, D 0 = 0.001 and ω = 4.9. Black dotted lines are plotted on all panels showing the phases for which the driving force g(t) possesses the reflection symmetry t → −t, i.e. for φ = π/2 and 3π/2. from a system prepared very close to the limit of the The close inspection of all case presented in Fig. 2 and 
This relation is a particular case of a more general rela- 
275
Next we explore the transport properties for the the generalized Langevin equation should be used [30] .
350
However, it is essentially beyond the scope of the paper
351
and requires separate investigations.
352
Finally, let us remind that the Langevin equation 
The left hand side contains three additive current contri- 
